Turkish Journal of Veterinary & Animal Sciences
Volume 41

Number 2

Article 14

1-1-2017

Impacts of oxalic acid, thymol, and potassium citrate as Varroa
control materials onsome parameters of honey bees
HOSSAM ABOUSHAARA
MARTIN STARON
TATIANA CERMAKOVA

Follow this and additional works at: https://journals.tubitak.gov.tr/veterinary
Part of the Animal Sciences Commons, and the Veterinary Medicine Commons

Recommended Citation
ABOUSHAARA, HOSSAM; STARON, MARTIN; and CERMAKOVA, TATIANA (2017) "Impacts of oxalic acid,
thymol, and potassium citrate as Varroa control materials onsome parameters of honey bees," Turkish
Journal of Veterinary & Animal Sciences: Vol. 41: No. 2, Article 14. https://doi.org/10.3906/vet-1606-92
Available at: https://journals.tubitak.gov.tr/veterinary/vol41/iss2/14

This Article is brought to you for free and open access by TÜBİTAK Academic Journals. It has been accepted for
inclusion in Turkish Journal of Veterinary & Animal Sciences by an authorized editor of TÜBİTAK Academic
Journals. For more information, please contact academic.publications@tubitak.gov.tr.

Turkish Journal of Veterinary and Animal Sciences
http://journals.tubitak.gov.tr/veterinary/

Research Article

Turk J Vet Anim Sci
(2017) 41: 238-247
© TÜBİTAK
doi:10.3906/vet-1606-92

Impacts of oxalic acid, thymol, and potassium citrate as Varroa control materials on
some parameters of honey bees
1,2,

1

1

Hossam ABOUSHAARA *, Martin STARON , Tatiana ČERMÁKOVÁ
Animal Production Research Centre Nitra, Institute of Apiculture, Liptovský Hrádok, Slovakia
2
Department of Plant Protection, Faculty of Agriculture, Damanhour University, Damanhour, Egypt
1

Received: 20.06.2016

Accepted/Published Online: 17.10.2016

Final Version: 19.04.2017

Abstract: Various treatments are currently available for the control of Varroa mites. Some of these treatments depend on using natural
and nonchemical compounds. In this study, the impacts of some materials (oxalic acid, thymol, and potassium citrate) on the survival
of honey bees and some quality parameters were investigated under laboratory conditions. The potential impacts of different feeding
types (sugar syrup, sugar candy, honey candy, honey jelly, and creamed honey) mixed with the tested Varroa control materials on honey
bees were also studied. The study showed that using high percentages of oxalic, thymol, or potassium citrate can passively impact honey
bees while using 0.5% is more preferable. The study also proved that feeding type, either as a liquid or solid, except for honey jelly, has
no undesirable impacts on the survival or studied parameters of honey bee workers and drones. Drones fed on potassium regardless of
feeding type were able to survive significantly at day 4 more so than drones fed on oxalic acid or thymol. Investigations into the role of
potassium in enhancing the survival of bee drones and in controlling Varroa mites are recommended.
Key words: Honey bees, Varroa, thymol, oxalic acid, potassium

1. Introduction
Most of the problems related to bee health are caused
by the parasitic mite Varroa destructor. This mite can
cause severe damage to honey bee colonies including bee
infection with viruses, weakness, and loss of bee colonies
(1,2). As reviewed by Abou-Shaara (3), there are different
materials available to control this mite, including the use
of mechanical methods, essential oils, or oxalic acid. The
use of oxalic acid or thymol has shown efficacy against
Varroa mites. The efficacy of oxalic acid ranges from
70.12% to 93.4% (4,5). Oxalic acid solutions of 0.5%, 2.9%,
3%, and 3.2% have shown efficacy against Varroa mites (6–
9). Rashid et al. (10) found that the efficacy of 3.2% oxalic
acid was higher (mean: 95.81%) than concentrations of
4.2% (mean: 81%) or 2.1% (mean: 46%). Additionally, 3%
oxalic acid showed higher efficacy against Varroa than
formic acid (11). Concerning thymol, it has high efficacy
against Varroa populations with reduction rates of 61.7%
(12) and 96.77% for powdered thymol (13), while thymol
oil or thymol blended with essential oils has mite mortality
of more than 90% (14). According to the American Bee
Journal, the Environmental Protection Agency registered
potassium salts as a treatment against Varroa in 2015
(http://americanbeejournal.com/epa-registers-new* Correspondence: hossam.farag@agr.dmu.edu.eg
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biochemical-miticide-to-combat-varroa-mites-inbeehives/). It could be said that oxalic acid, thymol, and
potassium salts can be used as safe and effective Varroa
control materials.
Oxalic acid, thymol, and potassium can be applied as
mixes with sugar syrup or in other ways. For example,
Marinelli et al. (15) compared the use of oxalic acid by
trickling or vaporization and as cellulose strips soaked
in a solution of oxalic acid. They found that the first two
methods were better than cellulose strips. Mutinelli et al.
(16) found the efficacy of sprayed 5% (w/v) oxalic acid to
be higher than that of a topical application. Rashid et al.
(10) applied oxalic acid in sugar syrup at 4.2%, 3.2%, and
2.1%, and similar work was done using 2.9% oxalic acid
(17). Thymol has been used in powdered form (13) or as
oil (14), and it can be mixed with candy (18). Potassium
salt is generally used mixed with syrup. The impacts of
mixing these materials with different feeding types on
honey bees need to be investigated. Honey bee colonies
can be provided with different feeding types, including
sugar syrup, creamed honey, honey candy, or sugar candy
(19,20). Previous studies have shown no harmful impacts
of oxalic acid on honey bees (5,10,21), while other studies
showed the presence of negative impacts, especially in
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the case of high concentrations (6). Thymol has been
shown to have a negative impact on bee drones (22), while
Charpentier et al. (23) found no harmful impact of thymol
on early larval stages. The effects of potassium citrate on
honey bees are not well known. More insights into the
effects of these materials on honey bees are required. The
objective of this study was to present insights into the
impacts of oxalic acid, thymol, and potassium citrate on
honey bee workers and drones. The impacts of different
concentrations as well as feeding type mixed with these
materials on honey bees were investigated. Based on the
results obtained, specific recommendations about the
future application of these materials are suggested.
2. Materials and methods
The study was performed during the spring of 2016 at
the laboratory of the Institute of Apiculture, Animal
Production Research Centre (VÚŽV), Slovakia. Carniolan
honey bee workers of age approximately less than 21 days
were collected from brood combs from the apiary of the
Institute of Apiculture and were used in the experiments.
Drones were collected from the lateral combs using forceps.
Honey bees were anesthetized using CO2 prior to insertion
into the cages. The bees were left at room temperature
(about 18 ± 1 °C) until the end of the experiments.
2.1. Cages used in the study
The cages used in the experiments were made using petri
dishes and pieces of plastic papers. The dimensions of the
cages are shown in Figure 1. The cages were provided with
ventilation holes covered with mesh. Perforated Eppendorf
tubes were fixed in the holes on the upper cover of the
cages. These tubes were used for providing honey bees
with sugar syrup only or syrup mixed with Varroa control
materials as described later.

2.2. Impacts of Varroa control materials on honey bee
workers
Some common materials used in Varroa control were
tested, namely oxalic acid, thymol oil, and potassium
citrate monohydrate. These materials were mixed with
sugar syrup (1:1 sugar and water) at different percentages
of 0.5%, 3%, and 6%. Thus, 12 treatments were investigated
besides two control groups; the first group contained bees
without feeding and the second contained bees provided
only with sugar syrup (1:1). For each treatment three cages
were used and in each cage 10 workers were placed with
a total of 30 workers per treatment. The impacts of these
materials on some parameters of honey bees were then
measured.
2.3. Impacts of feeding type mixed with Varroa control
materials on honey bee workers and drones
The lower concentration (0.5%) of the tested materials
was mixed with different feeding types to investigate the
impacts of the feeding types mixed with these materials on
honey bees. These feeding types were sugar syrup (1 sugar
: 1 water), honey candy (honey saturated with powdered
sugar), sugar candy (water saturated with powdered sugar,
1 water : 4 sugar), honey jelly (200 g of liquid honey mixed
with 10 g of gelatin dissolved in 50 mL of water), and
creamed honey (i.e. fully crystalized honey). Thus, five
treatments for each material were used besides two control
groups: bees without any feeding and bees feed only on
sugar syrup. In this experiment, 10 workers and 5 drones
were used with a total of 30 workers and 15 drones per
treatment. About 4 g of feeding type was added per cage.
Some parameters were then determined and compared.
2.4. Measured parameters
Bee survival was determined by counting the number of
surviving bees every day, and dead bees were removed

Figure 1. Dimensions and structure of cages used in the study.
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daily from the cages. Fresh weight, dry weight, body water
content, head weight, and the developmental degree of
the hypopharyngeal glands were determined. On day 4,
these parameters were determined for the control and
test groups. From each cage two freshly dead bees were
used to measure body parameters for a total of six bees
per group. The fresh weight of the bees (W1) was obtained
using a balance (KERN ABJ 220/4NM, Germany) to the
nearest 0.01 or 0.001 g. Bees were then placed in an oven
at 100 °C for 48 h to obtain their dry weights (W2) as done
by Abou-Shaara (24). Body water content was calculated
as (W1 – W2/W1) × 100. The heads of some bees were
separated and first weighed to the nearest 0.001 g. The
developmental degree of the hypopharyngeal glands was
then recorded using a scale (25) that contains 4 degrees,
ranging from degree I (undeveloped glands) to degree IV
(fully developed glands).
2.5. Statistical analysis
For all the measured parameters the means and their
standard errors (SEs) were calculated. All mean values
were expressed to the nearest 0.01 g, except head weight,
which was expressed to the nearest 0.001 g. The percentages
were converted to degrees using arcsine transformation
prior to the statistical analysis. The means of control
and test groups were compared using Duncan’s multiple
range test0.05 after ANOVA. For each group three cages
(replicates) were adopted in a completely random design.
The SAS 9.1.3 program was used to perform the statistical
analysis. Readings for days 6 and 7 for experiment one as
well as days 5 and 6 for experiment two were not taken due
to specific conditions.

3. Results
3.1. Impacts of Varroa control materials on honey bee
workers
Figure 2 shows that bees fed only on sugar syrup were able
to survive better than other test groups over the 8 days.
The impact of the control groups and treatments on the
survival of the workers was significant (DF = 10, F = 3.09,
P = 0.0012, P < 0.05) over the 8 days. The impact was also
significant at each day from day 2 to 8 (DF = 54, F = 16.78,
P < 0.0001). All used materials had a passive impact on the
survival ability of the honey bees. The mean percentage of
surviving bees declined, respectively, by 100% and 33.33%
for unfed bees and bees fed on sugar syrup; 95.24%, 100%,
and 100% for groups of oxalic acid 0.5%, oxalic acid 3%,
and oxalic acid 6%; 75%, 100%, and 100% for groups of
thymol 0.5%, thymol 3%, and thymol 6%; and 65.19%,
95.65%, and 100% for groups of potassium 0.5%, potassium
3%, and potassium 6% (Figure 3). The results showed that
increasing the percentage of test materials caused a high
reduction in the percentage of surviving bees over 8 days.
Potassium citrate monohydrate at 0.5% had the lowest
impact on the survival of honey bees in comparison with
the other treatments, followed by 0.5% thymol and 0.5%
oxalic acid. Bees without feeding, bees fed on 3% thymol,
and bees fed on 6% thymol died by day 5, while those fed
on oxalic 3% acid, 6% oxalic acid, and 6% potassium died
by day 8. The remaining groups were able to survive up to
day 8.
No significant differences were found among measured
parameters for bees belonging to the test groups, as shown
in Table 1. This indicates that the measured parameters

Figure 2. Mean percentage of surviving bees fed on sugar syrup mixed with different treatments over 8 days. A: Bees without
any feeding, B: sugar syrup, C: oxalic acid 0.5%, D: oxalic acid 3%, E: oxalic acid 6%, F: thymol 0.5%, G: thymol 3%, H: thymol
6%, I: potassium citrate 0.5%, J: potassium citrate 3%, and K: potassium citrate 6%.
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Figure 3. Mean percentage of surviving bees at days 4 and 8 after the treatments. A: Bees without any feeding, B:
sugar syrup, C: oxalic acid 0.5%, D: oxalic acid 3%, E: oxalic acid 6%, F: thymol 0.5%, G: thymol 3%, H: thymol 6%, I:
potassium citrate 0.5%, J: potassium citrate 3%, and K: potassium citrate 6%.
Table 1. Means ± SEs of measured parameters of honey bee workers after 4 days of feeding on different materials mixed with sugar
syrup. *: Means followed by the same letter within the same column are not significantly different according to the Duncan test0.05.
Mean ± SE*
Treatment

Fresh weight
(g)

Dry weight
(g)

Body water
(%)

Head weight
(g)

Gland dev. degree
(degree)

Without feeding

0.09 ± 0.01
a

0.03 ± 0.003
a

70.33 ± 4.41
a

0.013 ± 0.00
a

3.00 ± 0.00
a

Sugar syrup

0.09 ± 0.01
a

0.03 ± 0.003
a

61.33 ± 5.36
a

0.012 ± 0.001
a

3.00 ± 0.00
a

Oxalic 0.5%

0.12 ± 0.01
a

0.03 ± 0.005
a

74.66 ± 1.85
a

0.012 ± 0.001
a

3.00 ± 0.00
a

Oxalic 3%

0.11 ± 0.01
a

0.03 ± 0.00
a

72.33 ± 3.17
a

0.012 ± 0.001
a

3.00 ± 0.00
a

Oxalic 6%

0.11 ± 0.01
a

0.04 ± 0.01
a

67.33 ± 7.31
a

0.011 ± 0.001
a

3.00 ± 0.00
a

Thymol 0.5%

0.10 ± 0.006
a

0.04 ± 0.003
a

63.33 ± 4.91
a

0.013 ± 0.001
a

3.00 ± 0.00
a

Thymol 3%

0.09 ± 0.01
a

0.03 ± 0.0
a

65.66 ± 4.33
a

0.011 ± 0.001
a

3.00 ± 0.00
a

Thymol 6%

0.11 ± 0.01
a

0.04 ± 0.003
a

65.33 ± 6.74
a

0.01 ± 0.00
a

1.66 ± 0.33
b

Potassium 0.5%

0.10 ± 0.01
a

0.03 ± 0.00
a

70.66 ± 2.9
a

0.011 ± 0.001
a

3.00 ± 0.00
a

Potassium 3%

0.09 ± 0.01
a

0.03 ± 0.00
a

65.00 ± 4.35
a

0.01 ± 0.001
a

3.00 ± 0.00
a

Potassium 6%

0.09 ± 0.008
a

0.03 ± 0.003
a

71.33 ± 5.2
a

0.01 ± 0.001
a

2.33 ± 0.66
a
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were not impacted by materials added to the bee feeding
(i.e. sugar syrup) except for the developmental degree of
hypopharyngeal glands. The fresh weight ranged from
0.09 to 0.12 g, the dry weight ranged from 0.03 to 0.04 g,
body water percentage ranged from 61.33% to 74.66%,
and head weight ranged from 0.010 to 0.013 g. Bees fed
on 6% thymol had significantly less developed glands
(about degree I) than glands of bees belong to all the other
treatments (degree III).
3.2. Impacts of feeding type mixed with Varroa control
materials on honey bee workers
The impact of the feeding types on survival of the bees
was not significant (DF = 13, F = 1.35, P =0.1873, P >
0.05) over 7 days. However, at each day from day 2 to
7, the impact was significant (DF = 56, F = 23.50, P <
0.0001). As shown in Figure 4, bees of all the treatments
were able to survive up to day 7, except bees without any
feeding, which survived only up to day 4. The percentage
of surviving bees declined from day 4 to day 7 by 100%,
100%, 100%, 91.31%, 100%, 87.5%, 68.18%, 100%, 94.45%,
84.62%, 82.14%, 100%, and 81.82% for groups fed on sugar
syrup, honey candy with oxalic acid, sugar candy with
oxalic acid, honey jelly with oxalic acid, creamed honey
with oxalic acid, honey candy with thymol, sugar candy
with thymol, honey jelly with thymol, creamed honey
with thymol, honey candy with potassium, sugar candy
with potassium, honey jelly with potassium, and creamed
honey with potassium, respectively (Figure 5). Therefore,
the least decline in percentage of bee survival was recorded

for the group of bees fed on sugar candy with thymol,
followed by creamed honey with potassium, honey candy
with potassium, and honey candy with potassium. It could
be said that potassium mixed with different feeding forms,
except honey jelly, did not show a passive impact on bee
survival ability compared with the other treatments, except
thymol mixed with sugar candy.
Measured parameters differed among test groups,
as shown in Table 2. For fresh weight, the highest and
the lowest means were for sugar candy and honey jelly,
creamed honey and honey jelly, and honey candy and
honey jelly for the oxalic acid, thymol, and potassium
groups, respectively. It is clear that honey jelly groups had
the lowest body weights among the test groups. The means
of the control groups were higher than the means recorded
for bees fed on honey jelly. Concerning dry weight, bees fed
on honey jelly also had lower means in the oxalic acid and
potassium groups, but bees fed on honey candy did in the
case of the thymol group. High similarity was detected for
head weights for bees fed with different feeding types, but
lower means were recorded for honey candy in the thymol
group and sugar candy and honey jelly for the potassium
group. In general, it could be said that, apart from honey
jelly, all other feeding types showed high similarities
without significant differences from the control groups.
3.3. Impacts of feeding type mixed with Varroa control
materials on honey bee drones
The control treatments and feeding types had insignificant
impact on the survival of bee drones (DF = 13, F = 0.38, P

Figure 4. Mean percentage of surviving bees fed on various feeding types over 7 days. A: Bees without feeding, B: sugar syrup, C:
honey candy with oxalic acid, D: sugar candy with oxalic acid, E: honey jelly with oxalic acid, F: creamed honey with oxalic acid,
G: honey candy with thymol, H: sugar candy with thymol, I: honey jelly with thymol, J: creamed honey with thymol, K: honey
candy with potassium citrate, L: sugar candy with potassium citrate, M: honey jelly with potassium citrate, and N: creamed honey
with potassium citrate.
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Figure 5. Mean percentage of surviving bees at days 4 and 7 after the treatments. A: Bees without feeding, B: sugar syrup, C: honey candy
with oxalic acid, D: sugar candy with oxalic acid, E: honey jelly with oxalic acid, F: creamed honey with oxalic acid, G: honey candy with
thymol, H: sugar candy with thymol, I: honey jelly with thymol, J: creamed honey with thymol, K: honey candy with potassium citrate,
L: sugar candy with potassium citrate, M: honey jelly with potassium citrate, and N: creamed honey with potassium citrate.
Table 2. Means ± SEs of measured parameters at day 4 of bee workers fed on different feeding types. *: Means followed by the
same letter within the same column are not significantly different according to the Duncan test0.05.
Mean ± SE*

Control

Treatment
Without feeding
Sugar syrup
Honey candy

Oxalic acid

Sugar candy
Honey jelly
Creamed honey
Honey candy

Thymol

Sugar candy
Honey jelly
Creamed honey

Potassium citrate

Honey candy
Sugar candy
Honey jelly
Creamed honey

Fresh weight
(g)
0.10 ± 0.01
abcd
0.10 ± 0.003
abcd
0.10 ± 0.02
abcd
0.13 ± 0.01
a
0.08 ± 0.002
cd
0.12 ± 0.002
ab
0.09 ± 0.01
bcd
0.10 ± 0.008
abcd
0.09 ± 0.01
abcd
0.11 ± 0.008
abc
0.11 ± 0.01
abcd
0.08 ± 0.002
cd
0.07 ± 0.004
d
0.09 ± 0.02
abcd

Dry weight
(g)
0.03 ± 0.002
abc
0.02 ± 0.001
c
0.03 ± 0.004
abc
0.04 ± 0.003
a
0.02 ± 0.0006
c
0.03 ± 0.002
abc
0.02 ± 0.002
bc
0.029 ± 0.001
abc
0.03 ± 0.004
abc
0.03 ± 0.0005
ab
0.03 ± 0.001
abc
0.02 ± 0.0001
c
0.02 ± 0.001
c
0.03 ± 0.002
abc

Body water
(%)
70.33 ± 1.45
a
74.66 ± 0.33
a
68.00 ± 2.51
a
71.33 ± 1.45
a
67.33 ± 0.33
a
74.33 ± 0.88
a
68.66 ± 0.88
a
71.00 ± 1.15
a
63.00 ± 8.50
a
69.00 ± 2.30
a
69.00 ± 6.50
a
67.33 ± 1.76
a
64.33 ± 1.76
a
61.33 ± 13.71
a

Head weight
(g)
0.012 ± 0.0003
abc
0.01 ± 0.002
abc
0.01 ± 0.0006
abc
0.01 ± 0.003
abc
0.01 ± 0.0005
abc
0.013 ± 0.0003
a
0.009 ± 0.0005
bc
0.01 ± 0.001
abc
0.01 ± 0.001
abc
0.01 ± 0.00
ab
0.01 ± 0.0003
abc
0.008 ± 0.002
b
0.009 ± 0.001
bc
0.01 ± 0.003
abc
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= 0.9741, P > 0.05) over 4 days. However, the impact was
significant (DF = 41, F = 2.14, P = 0.0017, P < 0.05) at each
day from day 2 to 4. Drones of most treatments died by
day 4, similar to the control group without feeding, except
for the sugar syrup, honey candy with thymol, honey
candy with potassium, sugar candy with potassium, honey
jelly with potassium, and creamed honey with potassium
groups (Figure 6). It is clear that drones fed on potassium
regardless of feeding type were able to survive significantly
at day 4 more so than drones of the other groups. Only
drones in the sugar syrup group and honey candy with
thymol group were able to survive until day 4, together
with all treatments of potassium. However, feeding types
within each treatment (oxalic acid, thymol, or even
potassium) had no clear impact on drones’ survival ability.
In general, no significant differences were detected
among drones fed with different feeding types (Table 3).
Only honey candy in the thymol group showed significantly
less fresh body weight than the other groups. Drones
without feeding or fed on honey candy with thymol had
significantly less dry body weight than the other groups.
Moreover, the honey candy with potassium group had
significantly less body water percentage than the other
groups, while no significant differences were detected by
test groups in regard to head weight. Unlike worker bees,
honey jelly did not show any adverse impact on the body
parameters of drones.

4. Discussion
4.1. Impacts of Varroa control materials on honey bee
workers
The results showed that bees fed on oxalic acid, thymol, or
potassium citrate had less survival ability than bees fed only
on sugar syrup. Increasing the percentage of tested Varroa
control materials (from 0.5% to 3% or 6%) caused a higher
reduction in the percentage of surviving bees. Therefore,
using 0.5% can be considered as less harmful to honey
bees, especially with potassium citrate versus the other two
materials. In a similar way, Toomemaa et al. (6) found that
a low concentration of oxalic acid (0.5%) had high efficacy
against Varroa mites without negative impacts on bees
while higher concentrations (1.0% and 1.5%) had high
toxicity for bees. On the contrary, Rashid et al. (10) found
that oxalic acid (3.2%) was effective against Varroa mites
and caused no bee mortality. Concerning thymol, Chiesa
(13) found impacts of powdered thymol on bee mortality
while another study (26) found no impact of Apiguard
(thymol-based material) on the survival of adult bees.
Costa et al. (18) found that bees fed on thymol survived
significantly longer than those fed on sugar syrup. Thymol
oil was used in the present study, unlike previous studies,
which used powdered thymol. This could help in explaining
the negative impacts of thymol on honey bees found in the
present study. It seems that potassium had less negative
impacts on the bees than oxalic acid and thymol. The

Figure 6. Mean percentage of surviving bee drones at days 2, 3, and 4 after the treatments. A: Bees without feeding,
B: sugar syrup, C: honey candy with oxalic acid, D: sugar candy with oxalic acid, E: honey jelly with oxalic acid,
F: creamed honey with oxalic acid, G: honey candy with thymol, H: sugar candy with thymol, I: honey jelly with
thymol, J: creamed honey with thymol, K: honey candy with potassium citrate, L: sugar candy with potassium
citrate, M: honey jelly with potassium citrate, and N: creamed honey with potassium citrate.
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Table 3. Means ± SEs of measured parameters at day 4 of bee drones fed on different feeding types. *: Means followed by the
same letter within the same column are not significantly different according to the Duncan test0.05.
Mean ± SE*

Potassium citrate

Thymol

Oxalic acid

Control

Treatment

Fresh weight
(g)

Dry weight
(g)

Body water
(%)

Head weight
(g)

Without feeding

0.18 ± 0.02
ab

0.05 ± 0.003
bc

68.66 ± 1.76
a

0.01 ± 0.001
a

Sugar syrup

0.21 ± 0.02
a

0.06 ± 0.001
ab

66.33 ± 2.60
a

0.01 ± 0.001
a

Honey candy

0.19 ± 0.03
a

0.06 ± 0.008
abc

67.33 ± 2.02
a

0.01 ± 0.001
a

Sugar candy

0.21 ± 0.01
a

0.06 ± 0.005
ab

68.33 ± 3.17
a

0.01 ± 0.001
a

Honey jelly

0.20 ± 0.02
a

0.05 ± 0.0001
bc

70.00 ± 4.04
a

0.015 ± 0.002
a

Creamed honey

0.17 ± 0.01
ab

0.05 ± 0.002
abc

66.00 ± 1.52
a

0.01 ± 0.0001
a

Honey candy

0.13 ± 0.02
b

0.04 ± 0.002
de

62.33 ± 4.66
ab

0.01 ± 0.001
a

Sugar candy

0.16 ± 0.01
ab

0.06 ± 0.004
abc

62.33 ± 0.66
ab

0.01 ± 0.001
a

Honey jelly

0.18 ± 0.005
ab

0.07 ± 0.007
a

57.33 ± 4.91
ab

0.01 ± 0.0006
a

Creamed honey

0.19 ± 0.02
ab

0.06 ± 0.004
abc

66.00 ± 6.50
a

0.01 ± 0.0003
a

Honey candy

0.15 ± 0.01
ab

0.07 ± 0.008
ab

52.00 ± 7.02
b

0.01 ± 0.002
a

Sugar candy

0.16 ± 0.01
ab

0.06 ± 0.001
ab

57.33 ± 6.88
ab

0.01 ± 0.0003
a

Honey jelly

0.18 ± 0.01
ab

0.06 ± 0.003
abc

65.33 ± 1.45
ab

0.01 ± 0.0003
a

Creamed honey

0.18 ± 0.008
ab

0.06 ± 0.002
abc

63.66 ± 0.66
ab

0.01 ± 0.001
a

tested materials showed no clear impact on the measured
body parameters, suggesting few physiological impacts on
the bees. Only bees fed on 6% thymol had significantly
less developed glands than those of other treatments. This
could be explained by the negative physiological impacts
of the high concentration (6%) of thymol on honey bees, a
point that needs further investigations.
4.2. Impacts of feeding type mixed with Varroa control
materials on honey bee workers
Only unfed bees were not able to survive for a long period
while all the other groups were able to survive up to day
7. All potassium treatments showed no clear impact on
honey bees, except honey jelly. On the contrary, Waller
(27) found that bees were not attracted to sugar syrups

containing potassium salts. However, this study confirmed
that bees can utilize feeding types containing potassium
citrate. Thymol and potassium impacted the survival
of the bees less than the oxalic acid. Another study (28)
showed that using oxalic acid to control Varroa mites
caused mortality of worker bees at a high percent in the
case of using trickling or spraying methods other than a
sublimation method. This proves the negative impact of
oxalic acid on the survival of bee workers. The impacts of
oxalic acid on honey bees can be explained by its negative
impact on bee cuticle proteolytic enzymes (29) or due to
its high acidity (15). All tested feeding types, in general,
showed no impact on bees except honey jelly. Measured
body parameters also did not differ among test groups,
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except the honey jelly group, which had the lowest means.
Perhaps honey jelly had a more solid nature, which
prevented bees from utilizing nutrients from it. Therefore,
this specific feeding had the lowest means for measured
body parameters. Apart from honey jelly, this experiment
presents evidence that using 0.5% oxalic acid, thymol,
or potassium had no negative impact on measured body
parameters.
4.3. Impacts of feeding type mixed with Varroa control
materials on honey bee drones
Drones in the potassium group and in the honey candy
with thymol group as well as the sugar syrup group were
able to survive more than the other groups (survived only
up to day 4). In general, the survival of drones in potassium
groups regardless of feeding type was significantly higher
at day 4 than drones of the other groups. This indicates a
specific role of potassium in enhancing the survivorship
of drones, a point worth further investigation. As found
with worker bees, oxalic acid impacted the survival of
the drones more than thymol and potassium. This can be
considered as additional evidence of the negative impacts
of oxalic acid on honey bees. Test groups did not show an
impact on measured body parameters, except with honey
candy with thymol or potassium. Another study (22)
showed that oxalic acid and thymol significantly impacted
body weight of drones versus a control group. However,
the impacts of tested materials in general were not high.
Contrary to the results with bee workers, the honey jelly
group did not show any adverse impacts on the measured

body parameters of the drones. This may be because the
drones received their feeding from the attendant bee
workers.
4.4. Conclusions
The study showed that using a high percentage of oxalic
acid, thymol, or potassium citrate in bee feeding is not
recommended, while using 0.5% has few adverse impacts on
honey bees. The study also proved that feeding type, either
as liquid (sugar syrup) or solid (honey candy, sugar candy,
or creamed honey, except honey jelly), has no undesirable
impacts on the survival or measured parameters of honey
bees. Honey jelly as a solid form of honey is not advisable
to be mixed with Varroa control materials. It is clear that
drones fed on potassium regardless of feeding type were
able to survive significantly at day 4 more so than drones
fed on oxalic or thymol. Investigations into the role of
potassium in enhancing the survival of bee drones and in
controlling Varroa mites are required.
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